Introduction
============

Esophageal cancer is a leading cause of cancer mortality worldwide and is the eighth most common cause of cancer-associated mortality ([@b1-ol-06-01-0013]). The incidence rate of adenocarcinoma of the esophagus has been increasing in several Western countries ([@b2-ol-06-01-0013]). Esophageal squamous cell carcinoma (ESCC) comprises ∼90% of esophageal cancer in China and is the fourth most common cause of mortality. Furthermore, the morbidity of gastroesophageal junction adenocarcinoma (GEJAC) has become significantly higher. In addition, there is much debate concerning the standard treatment for GEJAC, and the molecular mechanisms underlying its initiation remain poorly understood ([@b3-ol-06-01-0013]). Despite modest improvements in survival with either pre-operative chemotherapy or combined chemoradiotherapy in conjunction with surgery, the majority of patients with localized disease develop metastatic disease ([@b4-ol-06-01-0013]). Systemic chemotherapy in metastatic esophageal cancer has limited effectiveness, with responses observed in 20--40% of patients, resulting in a median survival time of 8--10 months ([@b5-ol-06-01-0013]). The limited effect of systemic therapy demonstrates the necessity of identifying new active agents, therapeutic strategies and therapeutic targets.

With the advent of the era of genomic science, the development of tumor-targeted drug therapy has increased rapidly. Human epidermal growth factor receptor 2 (HER2)-related signaling is reported to have an significant role in modulating cell proliferation, survival, migration and differentiation, and is therefore an effective target for molecular targeted therapy. Trastuzumab is an anti-HER2-targeting therapy that has been developed that uses humanized antibodies against HER2. Differences in HER2 dysregulation in primary solid tumors and metastases may, at least partially, explain HER2-targeted therapeutic inconsistencies. Trastuzumab has been approved for the treatment of advanced gastric cancer (GC) and GEJAC ([@b6-ol-06-01-0013]--[@b9-ol-06-01-0013]). While, HER2 is overexpressed in a number of cancers, the rate of HER2 amplification is variable in esophageal cancer ([@b10-ol-06-01-0013]) and few studies have investigated the different features of HER2 gene amplification among ESCC, GEJAC and GC. The aim of the present study was to simultaneously investigate the amplification status of HER2 in ESCC, GEJAC and GC tissues and use the same method to analyze its clinical significance. The present study is likely to provide more evidence for further targeted therapy in patients with esophageal cancer.

Materials and methods
=====================

Patients and specimens
----------------------

All specimens were obtained from patients who had not received chemotherapy or radiotherapy prior to surgical resection. Patients with middle and lower ESCC, GEJAC and distal GC (76, 50 and 48 cases, respectively) underwent surgical resection at the Department of Thoracic and General Surgery of The People's Hospital of Taizhou (Taizhou Medical School, Jiangsu and Nantong University, Taizhou, China), between August 2008 and September 2010. All patients had undergone subtotal or total esophagectomy, radical lymph node dissection and radical GC resection. This study was approved by the ethics committee of The People's Hospital of Taizhou, Jiangsu, China.

Histopathological specimens were fixed in 10% buffered formalin, routinely processed and embedded in paraffin. All hematoxylin and eosin stained sections were reviewed and reexamined by pathologists. The grade of tumor differentiation was determined according to the classification of the World Health Organization ([@b11-ol-06-01-0013]) and staged according to the TNM classification ([@b12-ol-06-01-0013]). Normal esophageal or gastric tissue samples were obtained from 21 patients from an area \>5 cm from the cancerous tissue, as control non-tumor samples.

Fluorescence in situ hybridization (FISH)
-----------------------------------------

The PathVysion HER-2 DNA Probe kit (Abbott Laboratories, Chicago, IL, USA) was used for HER2 FISH amplification; the PathVysion DNA probe kit uses a dual-color probe to determine the number of copies of HER2 (orange) and chromosome 17 centromeres (CEP-17; green). The specimen pretreatment process and degeneration of the hybrid were performed in strict accordance with the manufacturer's instructions. Briefly, the tumor slides were deparaffinized with xylene, dehydrated in 100% ethanol at room temperature and finally air-dried in a slide warmer at 45--50°C. The slides were then pretreated by immersion in 0.2 M HCl for 20 min, purified water for 3 min, wash buffer for 3 min, pretreatment solution at 80°C for 30 min, purified water for 1 min and wash buffer for 5 min. The slides underwent protease treatment by immersion in protease solution for 10 min at 37°C and immersion in wash buffer for 5 min, followed by being air-dried on a slide warmer. Subsequently, the slides were subjected to denaturation by immersion in denaturing solution at 72±1°C for 5 min, followed by immersion in 70% ethanol for 1 min, 85% ethanol for 1 min, 100% ethanol for 1 min and then being air-dried on a slide warmer. Hybridization was then performed by applying 10 *μ*l probe mixture to the target area of the slide. Next, a glass cover slip was placed over the probe to allow even spreading and the edges of the cover slip were sealed with rubber cement. The slides were placed into a prewarmed humidified hybridization chamber, then incubated at 83°C for 5 min and at 42°C for 16 h. After removing the cover slips and rubber cement, the slides were immersed in 0.1% NP-40/0.4X SSC at 46°C for 5 min. The slides were then air-dried in the dark in an upright position. A 4′,6-diamidino-2-phenylindole (DAPI) counterstain (20 *μ*l) was applied to the target areas of the slide, which were then protected with a coverslip. The slides were stored in the dark at −20°C. For long-term preservation, neutral gum was used to seal the coverslip.

Data analysis
-------------

Non-overlapping cells of the same nuclear size, boundary integrity, dyeing uniformity and green CEP-17 signal were selected. The double-color signals were counted randomly and a standard interpretation method was used ([@b13-ol-06-01-0013]). A minimum of 20 nuclei were scored by two observers using an Olympus BX 41 fluorescent microscope (Olympus Optical Co., Ltd., Tokyo, Japan) with a Chroma filter set (DAPI/spectrum orange/spectrum green triple bandpass). The areas scored were limited to regions of invasive disease according to a companion hematoxylin and eosin-stained section. The ratio of HER2 signals (orange) to CEP-17 signals (green) was calculated. The HER2 gene was considered to be amplified if there were more than six HER2 gene copies per nucleus or if there was a FISH ratio (HER2 gene to CEP-17 signals) of \>2.2. HER2 was considered to be negative if the ratio was \<1.8. If the ratio ranged between 1.8 and 2.2, the signal of 20 more nuclei was counted or the signal was counted again by another analyst. The FISH results were interpreted independently in a blinded manner by three pathologists.

Statistical analysis
--------------------

The χ^2^ test was used to evaluate the differences between two groups. In all tests, P\<0.05 was considered to indicate a statistically significant difference. Statistical calculations were performed using SPSS 16.0 (SPSS Inc., Chicago, IL, USA).

Results
=======

HER2 amplification in tumor tissue
----------------------------------

The correlations between the rate of HER2 gene amplification and ESCC, GEJAC, GC and normal esophageal or gastric mucous membrane tissues are shown in [Table I](#t1-ol-06-01-0013){ref-type="table"}. The rates of HER2 gene amplification in ESCC, GEJAC and GC were 3.9 (3/76), 24.0 (12/50) and 18.8% (9/48), respectively ([Figs. 1](#f1-ol-06-01-0013){ref-type="fig"}--[3](#f3-ol-06-01-0013){ref-type="fig"}). HER2 gene amplification was not identified in the normal esophageal or gastric mucosa samples. No differences were observed in HER2 gene amplification between the normal esophageal mucosa and ESCC tissues (χ^2^=0.855, P=0.355). HER2 gene amplification was significantly higher in the GEJAC and GC samples compared with the normal mucosa tissues (χ^2^=6.065, P=0.014 and χ^2^=4.528, P=0.033, respectively).

Comparison of HER2 gene amplification and clinicopathological features
----------------------------------------------------------------------

HER2 gene amplification in ESCC was markedly correlated with the tumor local infiltration, venous invasion and lymph node metastasis (χ^2^=4.789, 3.858 and 5.354, respectively; all P\<0.05), but was not correlated with the gender, age and tumor differentiation of the patient. For GEJAC and GC, HER2 gene amplification was not associated with local infiltration, venous invasion, lymph node metastasis or the gender, age and tumor differentiation of the patient (P\>0.05; [Table II](#t2-ol-06-01-0013){ref-type="table"}).

Comparison of HER2 gene amplification in ESCC, GEJAC and GC
-----------------------------------------------------------

The rates of HER2 gene amplification in GEJAC and GC were significantly higher than in ESCC (χ^2^=11.563, P\<0.001 and χ^2^=7.375, P\<0.007, respectively; [Table III](#t3-ol-06-01-0013){ref-type="table"}). The HER2 gene amplification status in the patients with GEJAC was more similar to GC compared with ESCC ([Tables II](#t2-ol-06-01-0013){ref-type="table"} and [III](#t3-ol-06-01-0013){ref-type="table"}).

Discussion
==========

Overexpression of HER2 is common in multi-type tumors, such as breast and ovarian cancer. There are clear correlations between HER2 gene amplification and tumor invasiveness and metastasis, chemotherapy resistance and poor prognoses ([@b14-ol-06-01-0013]). Overamplification of the HER2 gene has been shown to have a significant role in tumor development. Trastuzumab, a monoclonal antibody against the HER2 receptor, has been used with success in primary and HER2-positive metastatic breast cancers. A phase III ToGA trial designed to assess the effect of trastuzumab in patients with HER2-positive GCs reported that the addition of trastuzumab to chemotherapy significantly improved overall survival without compromising safety in patients with HER2-positive metastatic gastric or gastroesophageal junction cancer ([@b15-ol-06-01-0013]). Therefore, it is important to thoroughly investigate the HER2 amplification status in gastric and esophageal carcinomas ([@b16-ol-06-01-0013]).

There is controversy with regard to the status of HER2 expression in ESCC. The rate of HER2 gene amplification has been recorded as between 6.5 and 7.5% in certain studies ([@b17-ol-06-01-0013],[@b18-ol-06-01-0013]), while the results of the majority of studies were within 30%. Wu *et al* reported that the rate of HER2 over-expression was 14.1% according to immunohistochemistry (IHC) in ESCC ([@b19-ol-06-01-0013]), while HER2 positivity was demonstrated in 17% of resected esophageal adenocarcinomas in a study by Yoon *et al* ([@b20-ol-06-01-0013]) and HER2 protein overexpression was 10.4% in ESCC according to the study by Zhan *et al* ([@b21-ol-06-01-0013]). The present study showed that the rate of HER2 gene amplification was 3.9% in patients with ESCC. The reasons for this diversity in the amplification rates of the present study and the literature are unclear. One of the reasons may be that the present study cases were all ESCC and the method of study used was FISH. Another explanation may be that there is wide geographical variation in the incidence of ESCC in the world, indicating that ESCC has heterogeneity and diversity in its molecular and clinical manifestation. The methods used to study HER2 gene amplification in patients with ESCC have included IHC and FISH ([@b22-ol-06-01-0013]). Detecting HER2 gene amplification with FISH may increase accuracy and make the use of anti-HER2 targeted therapies more precise. A number of systematic reviews have considered FISH to be more objective and reproducible ([@b23-ol-06-01-0013]), so it is regarded as the gold standard for HER2 gene detection.

Similarly, there have been various conclusions concerning the association between HER2 gene amplification and clinicopathological characteristics in patients with ESCC. One study suggested that HER2 overexpression was not significantly associated with the clinicopathological characteristics of patients with ESCC ([@b19-ol-06-01-0013]). Zhan *et al* reported that there were correlations between the overexpression of HER2 and the differentiation of the carcinoma, HER2 gene amplification and the differentiation of the carcinoma and tumor stage ([@b21-ol-06-01-0013]). By contrast, HER2 positivity was associated with reduced tumor aggressiveness and independently associated with improved survival in resected esophageal adenocarcinoma, according to a study at the Mayo Clinic ([@b20-ol-06-01-0013]). The present results showed that low HER2 amplification only occurred in patients with ESCC and that it was associated with tumor infiltration depth and vascular and lymph node metastases. Thus, HER2 expression status and its significance in esophageal cancer should be investigated further.

The present results showed that the rate of HER2 gene amplification was 18.8% in patients with GC. The reported rates of HER2 gene amplification are also different in the literature for GC. There is a general consensus that the overexpression of this receptor occurs in ∼20% of gastric adenocarcinomas ([@b24-ol-06-01-0013]). Several groups have reported that the rate of HER2 gene amplification was between 9.0 and 15.9% in GC ([@b25-ol-06-01-0013]--[@b27-ol-06-01-0013]). Barros-Silva observed that HER2 amplification was not notably correlated with gender, age, vascular tumor thrombus, lymph node metastasis or clinical staging in patients with GC ([@b28-ol-06-01-0013]). This result agreed with that of the present study.

At present, there is disagreement concerning the common definition of GEJAC ([@b29-ol-06-01-0013],[@b30-ol-06-01-0013]). It has been reported, that the rate of HER2 gene amplification is 16--32% in GEJAC, which is higher than in GC ([@b31-ol-06-01-0013]--[@b34-ol-06-01-0013]). Grávalos *et al* reported that the HER2-positive rate was 10% in advanced gastric and gastroesophageal junction adenocarcinoma ([@b35-ol-06-01-0013]). In the present study, the rate of HER2 gene amplification in GEJAC (24.0%) was slightly higher than in GC (18.8%), although the difference was not statistically significant. Furthermore, the rate of gene amplification was significantly different between the patients with ESCC (3.9%) and the patients with GEJC and GC. By comparing the clinicopathological features of three types of tumor, the features of HER-2 amplification in GEJAC were observed to be more similar to GC. This result may contribute to the further definition of GEJAC and the differential treatment strategies for various subtypes in patients with GEJAC.

Taken together, the present data indicated that HER2 amplification was higher in GEJAC and GC, but lower in ESCC. Targeting HER2 may be a suitable choice for patients with GC and GEJAC, while targeting HER2 in ESCC requires further study.
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![(A) Positive and (B) negative HER2 gene amplification in ESCC (FISH, magnification ×1,000). HER2, human epidermal growth factor receptor 2; ESCC, esophageal squamous cell carcinoma; FISH, fluorescence *in situ* hybridization.](OL-06-01-0013-g00){#f1-ol-06-01-0013}

![(A) Positive and (B) negative HER2 gene amplification in GC (FISH, magnification ×1,000). HER2, human epidermal growth factor receptor 2; GC, gastric cancer; FISH, fluorescence *in situ* hybridization.](OL-06-01-0013-g01){#f2-ol-06-01-0013}

![(A) Positive and (B) negative HER2 gene amplification in GEJAC (FISH, magnification ×1,000). HER2, human epidermal growth factor receptor 2; GEJAC, gastroesophageal junction adenocarcinoma; FISH, fluorescence *in situ* hybridization.](OL-06-01-0013-g02){#f3-ol-06-01-0013}

###### 

HER2 gene amplification in ESCC, GEJAC and GC and in normal epithelial specimens.

  Group              n    Positive amplification   Positive rate (%)   χ^2^    P-value
  ------------------ ---- ------------------------ ------------------- ------- ---------
  Normal specimens   21   0                        0.0                 \-      \-
  ESCC               76   3                        3.9                 0.855   0.355
  GEJAC              50   12                       24.0                6.065   0.014
  GC                 48   9                        18.8                4.528   0.033

HER2, human epidermal growth factor receptor 2; ESCC, esophageal squamous cell carcinoma; GEJAC, gastroesophageal junction adenocarcinoma; GC, gastric cancer.

###### 

Correlations between HER2 gene amplification and clinicopathological parameters.

  Characteristic          ESCC   GEJAC   GC                                                        
  ----------------------- ------ ------- ------- ------- ---- --- ------- ------- ---- --- ------- -------
  Gender                                                                                           
    Male                  57     3                       38   8                   41   6           
    Female                19     0       1.041   0.308   12   4   0.754   0.385   17   3   0.083   0.773
  Age                                                                                              
    \<65                  46     2                       24   4                   33   7           
    ≥65                   30     1       0.049   0.824   26   8   1.361   0.243   25   2   1.894   0.169
  Differentiation                                                                                  
    Well, moderately      56     2                       24   7                   18   4           
    Poorly                20     1       0.079   0.778   26   5   0.675   0.411   40   5   0.895   0.344
  Depth of invasion                                                                                
    T1+T2                 46     0                       18   6                   22   4           
    T3+T4                 30     3       4.789   0.029   32   6   1.343   0.246   36   5   0.192   0.661
  Vascular invasion                                                                                
    Yes                   34     3                       40   8                   43   5           
    No                    42     0       3.858   0.050   10   4   1.754   0.185   15   4   1.919   0.166
  Lymph node metastasis                                                                            
    Yes                   28     3                       28   7                   31   4           
    No                    48     0       5.354   0.021   22   5   0.035   0.852   27   5   0.347   0.556

HER2, human epidermal growth factor receptor 2; ESCC, esophageal squamous cell carcinoma; GEJAC, gastroesophageal junction adenocarcinoma; GC, gastric cancer.

###### 

Correlations with HER2 gene amplification in ESCC, GEJAC and GC.

               n       Positive amplification   χ^2^     P-value
  ------------ ------- ------------------------ -------- ---------
  ESCC/GEJAC   76/50   3/12                     11.563   0.001
  ESCC/GC      76/48   3/9                      7.375    0.007
  GEJAC/GC     50/48   12/9                     0.401    0.527

HER2, human epidermal growth factor receptor 2; ESCC, esophageal squamous cell carcinoma; GEJAC, gastroesophageal junction adenocarcinoma; GC, gastric cancer.
